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SUMMARY 

A study was made of gross air-flow patterns i n  a transparent one- 
'* sixth  sector of an NACA experimental annular turbojet-engine combustor 

with axial s l o t s   f o r  air admissLon. Flow patterns under cold-flow con- 
5 3 di t ions  w e r e  determined in longitudinal and cross-sectional  planes  by the 
Ob use of high-speed flash photographs of balsa-dust f low t racers .  Photo- 

graphs w e r e  taken at combustor reference  velocit ies f r o m  26 t o  72 feet 
per second. 

Photographs of the  combustor primary zone along the  longitudinal 
plane  disclosed a low-velocity  recirculation region new the f u e l  mai- 
fold. The velocity and the  quantity of air involved in the recirculat ion 
region  appeared to be appreciably less than  those found i n  a tubular com- 
bustor  during a previous  investigation.  Photographs of the combustor 
secondary zone along the cross-sectional  plane indicated large-scale c l r -  
culatory air currents which apgeared t o  be markedly affected by the com- 
bustor a ide  walls. There appeared t o  be no significant effect  of com- 
bustor air velocity on gross flow patterns. 

Research at the  NACA Lewis  lakoratory on annulm turbojet-engine 
co&ustors (refs. 1 and 2) has resulted in  the development of several 
designs g iv ing  improved performance. One tme of conibustor design 
evolved in   t h i s   r e sea rch  had axial s lo t s  far air admission i n  both the 
primary and secondazy zones (rd.  2) .  Combustors having this method of 

combustors, and also permitted  satisfactory  control of the outlet-  
temperature prof i le .  Because of the hlgh performance obtained wfth slot- 

combustor design were investigated. Corngarbson of euch patterns  with 
those  obtained with other types of combustor design may indicate the 
liner configurations  best e u l t e d  t o  achieve in te rna l  flow patterns re- 
quired f o r  optimum combustor performance. 

IC air admission  gave improved combustion efficiency over production-model 

Y type air  admission, the  gross  air-flow  patterns accompanying this type of 
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In a previous  tnvestigation (ref. 3), it was found that  the gross * 
aLr-flow pa t t e rns   i n  a tubular  turbojet-engine combustor could be deter- 
mined sat isfactor i ly   by t h e  use of a transparent model of the combustor 
and high-speed flash photographs of balsa-dust flow tracers.  Accordingly, 
a similar study was made of the flow p a t t e r n s   i n  a transparent  one-sixth 
sector of a slot-type annular combustor. Most of the  photographs were 
taken at a reference  velocity of 26 f e e t  per second because of equipment 
limitations.  Additional,  limited sets of photographs were taken at ref- 
erence  velocities of 53 and 72 feet per second, representative of sea- co 
l eve l   s ta r t ing  and altitude  cruising  conditions,  respectively. The tests a) 

(u 

at the higher  velocities were made i n  order to determine whether flow M 

patterns at normal operating  conditions  could be predicted from those 
obtained a t  low velocit ies.  If such predictions  could be made, both  de- 
s ign problems and procedures for  possible  future  f low-pattern tests would 
be simplified. A l l  t e s t s  w e r e  conducted und& cold-flow  conditions. 

. 

Combustor. - The photographic  study of air-f low patterns was con- 
ducted H t h  the transparent,  plastic,  one-sixth-sector combustor shown 
i n   f i g u r e  1. The combuator w a s  constructed t o  simulate combustor model 
5 of reference 2 .  The w a l l  thicknesses of the liner and the outer  housing 
were 1/16 and 1/4 inch,  respectively. The .location and the  geoEtry of 
wall-cooling  louvres and air-entry  s lots  i n  the liner are shown i n  f i g -  
ure 1 and a r e  described more fully in reference 2. 

. .  

As the result of the high static-pressure drop across  the finer w a l l  
at higher  velocity  conditfons,  the liner had t o  be strengthened s@;ainst 
breakage by bolting it to   t he   ou te r  shell at c r i t i ca l   po in ts .  The pres- 
ence of the   bo l t s  (1/8-in. diam. ) did not appreciably alter the  air-flow 
patterns, as indicated by coqar i son  of photographs  taken at the  26-feet- 
per-second velocity  condition  before and &ter the bolts were Fnstalled. 

A schematic diagram of the combustor i n s t a l h t i o n  is presented h 
figure 2. The t e s t  combustor was connected t o  the laboratory  air-supply 
and exhaust facilities by direct-connect  ductiwj the air-flow rate and 
the cmbustor inlet pressure were regulated by remote-control  valves 
located  upstreamand downstream of the combustor. Conibustor inlet-air 
temperature w a s  controlled  by valves proportioning  the amount of air 
passing  through the heat exchanger. 

Instrumentation. - Air f l o w  t o  the  conibustor was metered  by a sqwe-  
edged or i f ice ,   ins ta l led accordiDg t o  A.S .M.E. specifications, and located 
UpstreE~U of a l l  regulating  valves. Combustor id.et;.air temperature was 
measured by a single-junction  iron-constantan thermocouple located a t  
plane 1-1 (f ig .  2) and was indicated on a self-balancing  potentiomter. 
The inlet-air pressure w a s  measured by two, Six-point  total-pressure 
rakes  located at plane 2-2 ( f ig .  2) .  
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Flow-pattern  photogrqhs. - The camera and the light-source  posi- 
t ions used i n  obtaining  the  reported  photographic  data are shown i n  fig- 
ure 3. Details of the  balsa-dust  injection system and photographic 
techniques  used in  the present  investigation are given in the agpendix. 

PROCEDURE 

Air-flow  patterns i n  the  transparent  one-sixth-sector cortibustor w e r e  
obtained  by  photographing the t races  of balsa-dust  particles injected 
into the inlet air stream. The camera wa8 focused ard the  balsa-dust 
injection  tubes were arranged as described in the appendix. Most of the 
photographs w e r e  taken at a combustor reference  velocity (based on maxi- 
mum cross-sectional area of the combustor flow passage, inlet-& den- 
s i ty ,  and mass air-flow rate) of' 26 feet per second. Additional, limited 
sets of photographs w e r e  taken a t  reference  velocit ies of 53 and 72 feet 
per second. The combustor inlet conditions and the flash duration of the 
l ight  source  used for each inlet-air condition are presented i n  the  f o l -  
lowing table. W i t h  these flash  durations, the lengths of the balsa-dust 
t races  w e r e  suf f ic ien t   for   sa t i s fac tory   in te rpre ta t ion  of the photographs 
under the existing  conditions. 

Air flow, 
duration velocity, temperature, pressure, lb/( sec) ( sq f t) 
Flash Reference Inlet-air Inlet-a,ir 

in. Hg abS P e c  f t / s ec  ?I? 

1.0 30 

160 72 85 27 2.5 
I90 53 95 29 2 -0 
220 26 90 

When the combustor operating  conditions had been  established, the room 
was dukened,  the balsa dust  injected, the camera shutter opened, the  
flash tube fired, and the  shutter  closed. From six t o  eight photographs 
were taken of balsa-dust traces in each of a n W e r  of longitudinal and 
cross-sectional planes ( f ig .  4) for each operating  condition i n  order t o  
check for   var ia t ion  in the  air-flow  patterns with time. 

Photographs of air-flow  patterns in  the one-sirrth-qector,  transpar- 
ent combustor are shown in  f igures  5 t o  8. Flow patterns 'are .presented 
for  both the longitudinal - a d  cross-sectional  planes  (fig. 4) . Ln the  

t i o n  of t he   l oca l  air flow. The relat ive  lengths  of the  individual 
t races  are approximate indications of the components of the  local  veloc- 

sketches .of the flow pat terns  were prepared from the photogrqhs a d  axe 

- photosaphs, the narrow ends of the balsa-dust traces point i n  the direc- 

I 'fties i n  the plane of the photograph.  For easier visualization,  several 
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presented in   f i gu res  6 t o  8. The arrows of the  sketches  point In the  
direction of the  local  f low.  The a r r o w s  are not  proportioned i n  length 
to   ind ica te   re la t ive   loca l   ve loc i t ies  but serve  principally  to  Indicate 
the  general t reds  of the flow patterns at the  par t icular   s ta t ions.  

Primary-Zone Flow Patterns 

Examples of the  flow  patterns at cross-secttonal  planes 1-1 t o  4-4 
( see   f ig .  4) i n  the combustor primary-zone region  are shown in   f igure  5. 
The photographs w e r e  selected  primarily  for  clari ty of reproduction. 
Examination of a number of such  photographs indicated  that   there was no 
apparent  stable-flow  pattern  at  planes 14, 3-.3, and 4-4 a t  any of the  
velocities  investigated. There wa$ a def in i te  tendency towards the f o r -  
mation of vortices such as shown i n  f igures  5(.a), ( c) , and (d) . However, 
the  location,  size, and number  of these  vort ices   a t  a given  plane 
appeared t o  vary appreciably with time. There was also a defb i t e  tend- 
ency  towards the  farmation of mall recirculation zones between s l o t s  on 
the outer wall of the   l iner .  Moat of t he  photographs a t  plane 2-2 indi- 
cated  a  general flciw towards the  outer wall of the liner such 8s shown 
i n  the upper portion of f igure  5(b) 

Q) 
CO 
N m 
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Photographs of the upstream region of the.   l iner at all longitudinal 
planes  indicated  a  low-velocity  recirculation  region between the  f u e l  
manifold  and  plane 1-1. An example of the flow pat tern at plane M-M ( see 
f ig .  4) is presented in figure 6; a  sketch of the flow pattern  prepared 
from t h i s  photograph is included. The s ize  and the  location of this 
recirculation  region  varied sanewhat with tim& There appeared t o  be no 
pronounced e f f ec t  of velocity on the flow pattern. The recirculat ion 
appears t o  be the   resu l t  of the  high-velocity :air jets issuing from the 
first se t  of slots on the Inner wall of the liner. A low-velocity  shel- 
tered zone such as would be  required for stable combustion at low-inlet 
pressures i s  formed. The strength of the  recirculation or  reverse  flow 
was appreciably  less than that found f o r  the t u b u l a r  combustor in   refer-  
ence 3. T h i s  might be  expected  since  there  are no la rge   iq inging  air 
jets-thatrwould promote recirculat ion such as existed in  the tubulaz 
combustor. 

Secondary-Zone Flow Patterns 

Photographs at crass-sectio~l~ll   planes 5-5 and 6-6 (see  f ig .  4) indl- 
cate  well-defined flow patterns of two generai  types. Examples of the 
photogrqphs and sketches of the corresponding flow patterns  obtained in 
the  secondary zone at these  planes  are  presented in figure 7. There was 
no appexent e f fec t  of combastor reference  velocity on the flow patterns 
at these  planes. The principal  difference between types I and I1 of f i g -  
ure 7 is  the   re la t ive   s ize  of the swirls assodated with the  center   pair  
of s l o t s  on the inner wall of the conlbustor. 

.. - 

c 
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c Examples OF photographs and flow-pattern  sketches for the longitu- 
dinal  planes J-J and M-M are presented in f igure  8. The re l a t ive  pene- 

plane. However, the majority of the photographs exhibited over-all trends 
of flow. patterns at these planes that axe simflar to those shown. 

- t r a t ion  from the inner and outer walls var i ed  somewhat with  time at each 

w 
al 
al 

As is  evident  from the photographs and sketches of the flow pat terns  
in the  cross-sectional  planes,  there are lazge-scale  circulatory air cur- 
ren ts  i n  the secondary  region. These circulatory currents orig-te  from 
the three p a i r s  of s l o t s  on the inner w a l l  of the liner and end i n  the 
low-pressure  regions i;etween these p a i r s  of slots. The combination of 
this circulatory motion and t h e   l i n e r  axial veloci ty   resul ts  i n  contra- 
rotating  gpiral   currents of air passing through the  Uner secondary 
region. The air f r o m  the primary zone i s  forced Fnto the regions  be- 
tween the  highly  penetrating sheets of eLr issuing from t he   pa i r s  of 
s l o t s  on the inner wall. 

From examination of a .  number of photographs, it was evident t ha t  the  

the  inner w a l l  of the liner was greater than that from the center p a i r  of 
slots. T h i s  could be a t t r ibu ted  t o  side-wall effects,  since only one 

shea forces  from the  primary-zone air currents. 

- effective  penetration of the air from the two outboard sets of s lo t s  on 

b side of the a i r  sheets issufng from the outboard s l o t s  was subject  to 

Application of Flow-Pattern  Studies  to Combustor Design 

The application of  cold-flow  pattern studies t o  combustion design i s  
subject  to the question of whether flow patterns  without flame bear any 
re la t ion  to patterns  with flame. An investigation of a single  tubular 
combustor (ref. 3) indicates that similar pat te rns  are obtained with and 
without combus€ion, although there i s  a shift i n  the location of the 
s tar t ing  point  of reverse flow. Accordingly, the interpretat ion of the 
cold-flow balsa-dust  photographs i s  tentatively  based on the a s s w t i o n  
tht they are representative of patterns that exist during combustion. 

The existence of alternate longitudinal  fuel-rich aad a i r - r ich  re- 
gions during combustion i s  hypothesized fn reference 2 ae a possible 
re&son f o r  the improved performance  obtained with the "slot-type" com- 
bustor design. Such a pat tern would have been  indicated 5x1 the cross- 
sectional-plane  photqgraphs by t h e  appewance of well-defined individual 
jets of air issuing from the various  slots i n  the  primary-zone U e r  w a l l  
and penetrating w e l l  in to   the  primELly zone. In the balsa-dust  photographs, 

slots w a s  lost within a short distance of the w a l l .  Although it is pos- 
sible that al ternate   fuel-r ich and dr-rich regions  could have exfsted 

lost their  identity,  such regions  could not be distinguished i n  the balsa- 

- however, the ideht i ty  of t he  ind iv idua l  air jets issuing from primary-zone 

w over the portions of the primary zone where the  individual air jets had 

dust p h o t o ~ ~ h s .  - 
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The photographs along the  longitudin&lplane gave a clear  picture 
of a low-velocity  recirculation  region  near ' the  fuel manifold. This 
recirculation  region appeared to  result   from-the  high-velocity jets of - 
air issuing from the first row  of closely spaced s l o t s  on the inner wall 
of the l iner .  Consequently, it would appear t ha t  the s ize  of the recir-  
culation zone f o r  this par t icular  cambustor might be control led  to  aome 
extent by the axial posit ion of the f i rs t  row of s lo t s  on the inner w a l l .  

The importance of s lo t   p i tch  i n  the cantPo1 of the combustor outlet-  
temperature dis t r ibut ion was recognized and investigated i n  reference 2. 8 
Both the length and the   pi tch of s l o t s  in  the  secondary zone were changed E 
i n  order t o  produce the  desired  outlet-temp&ature  profile. The effect  
of s lo t   p i t ch  on flow pat terns  i n  the conibustor can be inferred f rom a 
comparison  of the flow pat terns  shown i n   f i g u r e s  5(b) a& 7 ( c) and (a) . 
Examinatian of many photographs  taken along the cross-sectional and lon- 
gitudinal  planes of the upstream portion of 'the primary zone indicated 
that the air  jets from the f lrst  row of closely spaced s l o t s  (small 
pitch) on the inner wall of the liner m i x  wlth each other  within a short 
distance  from  the wall. The r e s u l t  i s  a general flow of air f'rom the 
inner w a l l  t o  the outer wall of the Uner a% plane 2-2 as shown i n   f i g -  
we 5(b) .  The air arpproaching such a row 09 s l o t s  i s  pushed  towards the 
outer w a l l  of the liner. T.here i s  apparently l i t t l e  mFxing of the ap- .I 

proaching air streem with the air entering from t he  slots. The flow 
pat te rns   to  be associated with widely  spaced s lots   ( large  pi tch)  are 
s h m  in f igures  7 ( c) and ( d) . The lmge   p i t ch  of the s lo t s  on the 
i~er wall of t he   l i ne r  appeared t o  produce large-scale swirls. The 
high penetration of the air sheets i s s u i n g  from the p a b s  of s lo t s  on 
the  inner wall also r e su l t s  i n  a longitudirlal  partitioning of gases in 
the secondary zone as discussed i n  reference 2. The combination of the 
swirl and the  high  penetration of the air j e t s  from the inner wall of the 
l i ne r  using widely  spaced s l o t s  should result in a greater degree of mix- 
ing than would be expected from the use of closely spaced slots. Thus if 
a row of closely spaced slots were used on t h e  inner w a l l  of the combus- 
tor secondary zone, the  hot gases le&* the primary zone would be.pashed 
to the  outer .wan. The result wou ld  .be a sblft . i n  the ugh-temperature 
region to   the  outer  wall and a steep  temperature  profile. On the  other 
hand, the improved mixing obtained with the, widely  spaced slots on the 
inner w a l l  of the combustor secondaxy zone should result  i n  a flatter 
temperature  profile. The combustor outlet-temperature  profile data of 
reference 2 are in general agreement with these  suggested  trends. 

I 

. .  

The influence of side walls on penetration and circulation  currents 
previously  noted i s  a possible  reason for the  well-known d i f f i cu l ty   i n  
applying  outlet-temperature  profile data from sector annular conibustors 
t o  the prediction of outlet-temperature  profiles  in the fu l l  annulus 
(ref. 2 ) .  The existence of the circulation  currents  also emphasizes the 
d i f f i c u l t i e s   t o  be encountered i n  the  use of penetration and  8preadPn.g 
data from Jets dlrected  into air streams in' the design o f t h e  secondary 
zone of amnilar comb.ustwrs. 
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The photographic  inuestigation of cold-flow air patterns in the 
slot-type  annular combustor indicated several definite trends in flaw 
pattern  resul t ing from the use of th i s   par t icu lar   type  of liner air- 
entry  configuration.  Photographs along the longitudinal  plane of the 
combustor p r h a r y  zone indicated the presence of a slowly rotat ing re- 
circulat ion zone i n  the v ic in i ty  of t he   fue l  manifold. The recircula- 
t i o n  zone appeared t o  result from the J e t s  issuing from the f i r s t  row of 
closely spaced s l o t s  on the inner w a l l  of the  liner. The strength of 
the  reverse flow i n  th i s  region was appreciably  leas than that found for 
a tubular combustor during a previous  investigation.  Photographs along 
the cross-sectional  plane of the combustor secondary zone disclosed 
large-scale air swirls and 8 longitudinal  parti t ioning of the air leav- 
ing the primary zone. The swirls appear t o  result from the use of' w i d e  
spacing of the air-entry slots on the inner d l  of the secondary  zone= 
The side w a l l s  of the one-qumter-sector combustor appeared t o  have a 
pronounced ef fec t  on the flow patterns. 

.. 
Coqarison of the conibustor flow pat terns  Indicated the   e f fec t  of 

slot  spacing on air-flow pattern.  The photographs  fndicated that the 

i n  less mixing and hence a steeper  outlet-temperature  profile  during 
combustion, Khereas, the use 09 widely spaced s l o t s  would r e e u l t   i n  
greater mixing and a flatter temperature prof i le .  Although this inves- 
t iga t ion  was carried. out at combustor reference veloci t ies  below those 
normally encountered i n  engine  operation, there appeared t o  be no si@;- 
nif icant  effect of reference  velocity on the flow patterns- 

.I use of closely spaced s l o t s  in the conibuetor secondary zone would r e su l t  

L e d 8  Flight  Propulsion  Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, September 28, 1954 

.. 

I 
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Balsa-dust  injection. - Balsa-dust flow: tracers were Injected  into 
the air s w  through two tubes  located.  approximately 4 inches upstream 
of the   fue l  mRnifold ( see   f ig .  3 ) .  IR a r d e t o  assme a sufficient  dust  
density in the pe;rticulz+ longitudinal  plwe.  .to be photographed, the 
tubes  w e r e  &lined with that plane and, positioned EO as t o  in jec t  at the 
centers of the inner and outerannuli.  For  the  cross-sectional  plane 
photographs, the  tubes were positioned a t .  the centerline of t h e   f u e l  
manif old stnd. .d@aced . amraximat e ly  6 in- s apart. 

The method of balsa-dust preparation and injection  described  in 
reference 4 was used with  one.modifi.cation:  the balsa dust was b l a m  
from 8 container  into  the combustor air stream under pressure of o i l -  
pumped nitrogen  instead of compressed .air. + the investigation de- 
scribed  in  reference 3, it was found t ha t  moisture i n   t h e  compressed air 
caused. an opaque film of dust   to   deposi t  on the  combustor walls. 

. .. 

Camera and l igh t  source. . - -Photographs of the balsa-dust  flow 
t racers  were obtained with a 5- by 7-inch bellows c&m5ra, equipped with 
an f/4.5, 190-millimeter focal  length  lens.  Illumination of the  balsa- 
dust   par t ic les  was prov ded by a gas-f i l led  e lectronic  flash tube, 7/16 
inch i n  diameter &-e+ inches tn length. The flash duratfon of the 
l ight  source could  be  varied  from  approximately 135 t o  990 microseconds 
by  appropriate combination of t h e   p m a l l e l  c ~ e n s e r s  shown in the 
power-supply c i rcu i t  dLagram (fig.  9 ) .  The flash  tube w a 6  mounted in a 
box having a s l i t  approximately 1/4 inch wide. An aluminum-foil ref lec- 
t o r  was mounted bebind the   f l a sh  tube. The use of a s l i t  source of l i g h t  
allowed only the dust  pazticlea i n  a narrow @lane   to  be photographed. 
The camera positions and l ighting arrangepats used i n  obtaining  the 
reported  data  axe shown i n   f i g u r e  3. . . .  

I 

For the photographs of plane J-J, the camera back was t i l t e d   t o  
obtaln  simultaneous  focusing a n .  small tabs that were mounted inside  the 
l i ne r  and coincicknt  with  plane J-J (e-g., see flgs. 5 aKd 8 ( a ) ) .  For 
photographs. of  the  .repin.@@:  -1o.Situdinal ~ l a n e s ~ . ~  the light source was 
positioned at the desired plane and, &th no. change in. 'the camera"6ack,' .. 

the camera waB focused on two gr ids   a t tached. to   the side of the  adjusta- 
b l e  s l i t  of. t he   l i gh t  source  (see fig. 3(a)).  To compensate f o r  the 
slight  divergence- of the  longitudinal  planes. of focus (see f i g .  4), the 
camera was rotated  about  a  vertical  axis until both grids were in  focus.  

- "._I - . 1  . . " . .. 

For the  cross-sectional-plane photographs, use was @e of the  
window and mirror downstream of the cambustor. ( see fig. 3(b) ) . The 
camera was directed into the rairtdow and the light source was mounted 
ver t ical ly  and at r igh t  angles to.  the'main a x i s  of the coltibustor. To 
eliminate  light losses by ref lect ion from the  s ide walls,. t he   l i gh t  
source was located on the convex side of the.conibustor. The planes 

I .- 

Y 
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- 
chosen t o  be photographed  contain&. easily  recognizable features, such 
a8 a row of cooling  louvres, upon w h i c h  the camera could  readily be 
focused.  For this series of. photdgraphs, the camera w a s  not tilted and 
therefore  the camera back did- not have t o  be tilted. 

Film. - A special  high:speed orthochromatic film w a s  used i n  all 
tes ts .   This  film w a s  used  because  the  flash-tube  dischaxge w a s  d i s t i nc t ly  
blue and orthochromatic film has i t s  hlghest sens i t iv i ty  in the blue 
range of t h e  spectrum. To obtain adequate  resolution of the  dust  traces 
on t h i s  film, it was  necessary t o  maintain a &mum nominal lens opening 

- 

of.f/a.o. 

Reproduction. - For improved clarity of reproduction,  negative 
pr ints   (dark  t races  on a l i g h t  background) were obtained  by making posi- 
t i v e  films from the original  negative films. Eamlsion-to-emulsion contact 
printing w a s  used i n  a l l  s teps   to   avoid loss of def ini t ion of the balsa- 
dust  tracers.  
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(a) Liner. 

Figure 1. - Transparent model of one-sixth sector  annular turbo jet-engine combustor. 

I 
F 

Id 

H 

P 

88ZE , 



EACA RM E541288 

(b) Ass&@. 

Figure 1. - Concluded. Transparent model of one-aixth sector annular turbojet -  
engine combustor. 
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Figure 3. - Concluded. Camera light source positions used In cold-flov combuetor  photographic studies 

r I L ; m E  ' I 



. . .  .. 

L I 

. .  

3288 1 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . .. . . . . . . . . . . . 

' %!I : :.. 

: I  , 
' ; : I  I 

I 
.. . I 

(a) PLane 2-2. 

w 



17 

Balsa-dust  tracera 

- Flow patterns indicated by balsa-duat tracera 

I=[ 
X i g u r e  6 .  - Air-flow pattarns in priruary zone along longitudinal plane M-M. 

Reference velocity, 26 feet per second. 
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Ehlsa-duet tracers j 

Flow patterns indicated by balsa-dust-  tracers. 
1-1 

(a) Type I. Croas-sectiopal.plan8 5-5. 

Figure 7 .  - Air-flow  patterns in secondary zone. Reference velocity, 
26 f e e t  per second. 
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Balsa-dust t racers  

Flow patterns  indicated  by  balsa-dust  tracers 

(b) Type II. Cross-sectional  plene 5-5. 

Figure 7 -  - Continued.  Air-flow patterns in  secondary  zone.  Reference velocity, 
26 f ee t  per second. 
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Balsa-dust t racers  

NACA RM E54128a 

Flow patterns indicated by balm-dust tracere 

(c) Type I. Cross-sectional plane 6-6. 

Figure 7. -. Continued. A i r - f l o w  patterns in aecopdary zone. Reference velocity, 
26 feet per second. 
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Balsa-dust tracers 

Flow patterns indicated by balsa-dust tracere 

-1 
(d) Type II. CrOEE-SeCtiO'5al plane 6-6. 

Figure 7.  - Concluded. Air-flow patterns in secondary zone. Reference velocity, 
26 feet per  second. 
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Flow patterns lndlcated by balsa-dust tracers 

(b) Plane  M-M. 

Figure 8. - Concluded. Air-flow patterns along two longitudinal p l a n e s .  Reference 
velocity, 26 feet per second. 
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